Chloroplasts are light harvesting organelles that arose from ancient 20 endosymbiotic cyanobacteria. Upon immune activation, chloroplasts switch off 21 photosynthesis, produce anti-microbial compounds, and develop tubular 22 65 development relies on surface immune signalling, whereas the pathogen subverts this 66 remotely by switching off surface immune pulses. These results implicate chloroplast 67 photo-relocation machinery in plant focal immune responses and demonstrate that 68 chloroplasts play a direct role in antagonizing pathogen invasion.
extensions called stromules. We report that chloroplasts navigate to the 23 pathogen interface to counteract infection by the Irish potato famine 24 pathogen Phytophthora infestans, physically associating with the specialised 25 membrane that engulfs pathogen haustoria. Outer envelope protein, chloroplast 26 unusual positioning1 (CHUP1), anchors chloroplasts to the host-pathogen 27 interface. Stromules are induced during infection in a CHUP1-dependent 28 manner, embracing haustoria and interconnecting chloroplasts, to form dynamic 29 organelle clusters. Infection-triggered reprogramming of chloroplasts relies on 30 surface immune signalling, whereas pathogen effectors subvert these immune 31 pulses. Chloroplast are deployed focally, and coordinate to restrict pathogen 32 entry into plant cells, a process actively countered by parasite effectors. 
136
To elucidate the role of chloroplast positioning in plant cell invasion of P. infestans, we 137 investigated whether a relationship exists between light and pathogen-induced 138 chloroplast movements. We particularly focused on chloroplast unusual positioning 1 139 (CHUP1), a protein that regulates chloroplast photo-relocation, movement and anchoring 140 to the plasma membrane (Oikawa et al., 2008 (Oikawa et al., , 2003 . Similar to a GFP fused chloroplast 141 envelope marker protein, translocon at the outer membrane of chloroplasts 64 142 (TOC64:GFP), CHUP1:GFP labelled the chloroplast outer envelope (Fig 2A & B) .
143
However, CHUP1:GFP displayed an unusually increased fluorescence intensity at foci 144 across the chloroplast-plasma membrane interface ( Fig. 2A) . Notably, in haustoriated 145 cells, CHUP1:GFP accumulated at chloroplast-EHM contact sites (Fig. 2C, Fig. S5 ),
146
whereas TOC64:GFP uniformly labelled the chloroplast envelope without producing any 147 fluorescent foci adjacent to the EHM (Fig. 2D ). The discrete punctate localisation of 148 CHUP1:GFP at the EHM contact sites suggested that CHUP1 could mediate anchoring 149 of chloroplasts to the EHM which typically lacks plasma membrane proteins (Bozkurt et   150 al., 2015 , 2014 Whisson et al., 2016) . These results indicate that CHUP1, a core 151 component of the chloroplast photo-relocation machinery, might be co-opted for 152 chloroplast recruitment to the pathogen interface. 
183
We next tested the hypothesis that the process of chloroplast positioning and anchoring 184 to the pathogen interface enhances disease resistance. VIGS of CHUP1 led to 185 considerably higher levels of P. infestans hyphal growth compared to the silencing 
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Remarkably, in five independent experiments, we noticed a substantial decrease in 222 infection triggered stromule induction following BAK1 silencing (4%, n = 37 images 223 quantified) in relation to control silencing (23%, n = 37 images quantified) ( Fig. 4A-B ).
224
We then tested whether AVR3a, a host-translocated effector of P. infestans that 228 decreased by more than two-fold ( Fig. 4C-D) . These results demonstrate that stromules 229 are induced during P. infestans host colonization through surface immune signalling,
230
whereas the pathogen deploys effectors to counteract this process, further supporting 231 the defence-related role of stromules. Since stromule induction is CHUP1-dependent,
232
we conclude that CHUP1 contributes to immunity through mediating chloroplast 233 navigation and chloroplast interaction via diverse signalling stimuli, which are 234 coordinated to prevent host cell invasion of filamentous pathogens (Fig. 4E, model) . (Kasahara et al., 2002; Oikawa et al., 2008) , indicating that chloroplast photo-relocation 253 machinery is co-opted for antimicrobial immunity. Remarkably, CHUP1 accumulates at 254 the chloroplast-EHM interface (Fig. 2C, Fig. S4 ), possibly to enable stronger membrane 
257
We show that surface immune activation induces stromule development into a large,
258
intricate web of chloroplasts ( Fig. 1A, 1H, Fig. S3 , Movie S1, S3, S7-9). These are functions by, for instance, mediating focal deployment of chloroplast weaponry at the 262 pathogen interface. In addition, a speculative hypothesis is that chloroplast clusters 263 could also generate mechanical forces to repulse infection structures that invade the 264 plant cells, as has been suggested by our live cell imaging ( Fig. S10-13 ). However, we 265 show that adapted pathogens can remotely counteract stromule development by 266 deploying effectors that shut down surface immune signalling (Fig. 4B) . Conceivably, this 267 would dismantle chloroplast stromules and reduce the surface area of the chloroplasts in 268 contact with the EHM. These findings further support the notion that stromules are 269 induced to contribute to pathogen defence (Caplan et al., 2015; Erickson et al., 2018) . week-old N. benthamiana leaves, as previously described (Bozkurt et al., 2014 (Bozkurt et al., , 2011 
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The power of the optical trap laser transmission was set to 40.7 mW. The TIRF image 392 was recorded from 0 s, the trap was turned on at 1 s, the translation stage movement of 393 10 μm at 2 μm/s begins at 5 s and ends at 10 s, the trap was deactivated at 11 s, and 394 the image recording stops at 22 s (relating to 11 s recovery periods).
In order to identify putative orthologs of Arabidopsis thaliana for CHUP1 in N.
397
benthamiana genome, a TBLASTN search using the protein sequence of CHUP1 from 
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